Finite size effects on static and dynamic properties of Al 2 O 3 .2SiO 2 spherical models with different diameters of 2nm, 3nm, 4nm and 5nm have been studied via molecular dynamics (MD) simulation under non-periodic boundary conditions (NPBC). Models have been obtained by cooling from the melts at constant density of 2.60 g/cm 3 . We found strong finite size effects on both static and dynamic properties of the system. Static properties have been studied via partial radial distribution function (PRDF), mean atomic distances and coordination number distributions. Dynamic properties of the system with different sizes have been found and discussed via the mean-squared displacement (MSD) of atoms and temperature dependence of diffusion constant. Moreover, size dependence of glass transition temperature has been found and discussed.
Introduction
Finite size effects on different properties of a model to be simulated have attracted great interest of simulation community for a long time [1] [2] [3] [4] [5] [6] [7] . Because of the long runs needed to equilibrate the system at low temperatures rather small models, usually between a few hundred and a thousand particles, often have been used in practice. Such small models have been thought to be large enough to avoid the finite size effects. However, calculations over recent years indicated that the finite size effects exist. It was found that the intermediate scattering function of the fragile glass former orthoterphenyl models has a small blip at around 5 ps, the time that it takes a sound wave to cross the simulation box, and simulation in larger models indicated that observed blip was indeed a finite size effect [2] . Somewhat later, via simulation of the dynamics of silica Horbach et al. found surprisingly large finite size effects in that the incoherent intermediate scattering function and MSD are affected by such finite size effects [4] . And, it was found that finite size effects for fragile glass former are weaker than that for strong glass former [4] . Finite size effects on different static and dynamic properties of a supercooled binary LennardJones liquid have been also studied and discussed [6] . Due to the systems studied have been under periodic boundary conditions (PBC), therefore, the finite size effects have been found only for the dynamic properties of the system. And, almost no finite size effects on static properties have been found [2, [5] [6] [7] . However, recent experiments and simulations related to the nanosizedscaled systems or substances in confined geometries, i.e. the finite size systems or the systems with non-periodic boundary conditions, show the possibility of finite size effects on both static and dynamic properties of such systems (see [8] [9] [10] and references therein). And it motivates us to carry out the comprehensive study on finite size effects on static and dynamics of non-periodic boundary condition system such as nanosized Al 2 O 3 .2SiO 2 spherical models in order to highlight some features of the size effects.
Calculation
We use the Born-Mayer type interatomic pair potentials, which describe well both structure and dynamics of liquid and amorphous Al 2 O 3 .2SiO 2 models [11] . We use the Verlet algorithm and MD time step is of 1.6 fs. The NPBC system was cooling down from the melt at constant volume corresponding to the density of 2.60 g/cm 3 . The temperature of the system was decreased linearly in time as
with the cooling rate 13 10 375 . 4 × = γ K/s. We study models at different temperatures with different sizes of 2nm, 3nm, 4nm and 5nm corresponding total number of atoms of 330, 1100, 2596 and 5071 under non-slip boundary conditions, i.e. if during the relaxation atoms move out of the spherical boundary they have to be placed back to the surface. Configurations at finite temperatures have been relaxed for 50000 MD steps before calculating the static and dynamic properties. In order to improve statistics of the results, calculated data have been averaged over two independent runs for the system at the size of 2nm, 3nm, and 4nm. The single run was done for 5nm model. In order to calculate the coordination number distributions in NPBC Al 2 O 3 .2SiO 2 models, we adopt the fixed values 80
Here R is the cutoff radius, which was chosen as the position of the minimum after the first peak in g ij (r) for the amorphous model at the ambient pressure like those used in [11] . .2SiO 2 models at 2800 K strongly depend on the size of models in that the finite size effects are found not only for local short-range order but also for intermediate-range order, i.e. the finite size effects on the latter are more pronounced compared with those for the former. According to our recent results, the bulk liquid and amorphous Al 2 O 3 .2SiO 2 models have a distorted tetrahedral network structure in which the main structural units are AlO 4 and SiO 4 with significant amount of AlO 5 ones [11] . Almost the same tendency has been found for NPBC Al 2 O 3 .2SiO 2 models (see below in Tables 1 & 2) . And, the method of linkage of structural units-polyhedra such as AlO n and SiO n essentially defines intermediate range order at scales from roughly 4 to 10 Å in network silicates [13] . It means that NPBC leads to the strong changes in linkages of structural polyhedra in the system. However, more details about the finite size effects on structure of NPBC models can be found via the changes in mean interatomic distances and coordination numbers (Tables 1 & 2) . Table 1 . Mean atomic distances in models obtained at three different temperatures. One can see in Table 1 that when the system size increases small changes in the mean interatomic distances have been found. For Al-O pair it increases with the system size, the phenomenon might be related to the increasing of highly coordinated Al atoms to oxygen in larger models [14] [15] [16] [17] . Meanwhile for Si-O pair it does not change. However, remarkable changes have been found for the mean coordination number in that it significantly increases with system size toward the values for the bulk model at the same temperature (Table 2 ). Our calculations show that in NPBC spherical models the breaking bonds occurs at the surface and it leads to enhancement of undercoordinated structural units in the system such as SiO 2 , SiO 3 or AlO 2 , AlO 3 etc., other words, due to the reduction of surface effects mean coordination number for all atomic pairs in NPBC models increases toward the values for the bulk if the model size increases. Our finding is contrary to that observed in PBC systems that static properties almost are almost unaffected with the system size [2, [5] [6] [7] . Table 2 . Mean coordination number in models obtained at 2800 K.
Results and discussions
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Fig. 2. Mean atomic displacement distribution for Al particles in models at 2800 K.
In order to observe the finite size effects on dynamic properties of the system we show the MSD and diffusion constant for three different atomic species in the system (Figs. 2 and 3 ). Like those found for silica models [4] , the MSD curves for different system sizes coincide for short time of ballistic regime but it shows a clear size dependence for larger time, i.e. for the plateau and diffusive regimes (see Fig. 2 ). Similar results have been found for Si and O atoms (not shown). It seems that NPBC causes the stronger finite site effects on MSD of atomic species and the effects occur at much shorter time compared with those observed in PBC silica [4] . Moreover, oscillations of the curve for 2nm model in the plateau regime may be related to the not good statistics of the data. However, it also may be related to the specific cage effects in small NPBC system. We also found the size effects on the diffusion constant D of atomic species in the NPBC systems. The diffusion constant of atomic species have been obtained via the Einstein relation for 2nm, 3nm and 4nm models at different temperatures and we found strong size effects on the diffusion constant (Fig. 3) 2 at 2800 K can be found in Fig. 2 . One can see clearly three regimes in the curves: the ballistic one at short time and diffusive one at long time with a plateau regime separated the ballistic and diffusive ones. The plateau regime is related to the caging effects, which is more pronounced at lower temperatures. Some remarks can be made here. The size effects on diffusion constant of atomic species are quite different in that the effects are more pronounced for Si and O atoms compared with those for Al ones. The phenomenon might be related to the different local environments of atomic species in multicomponent aluminosilicate melts like those found and discussed (see Ref. [11] and references therein). On the other hand, at high temperatures diffusion of Si and O in small system is smaller than that in larger models while at lower temperatures (at around 4200 < T K, or at around C T T < where C T is the critical mode coupling theory temperature of the system, see [12] in more details) diffusion of Si and O becomes much faster in smaller system. The problem might be related to the different structural changes in the system with different sizes upon cooling from high temperature toward glass transition and it causes different changes in diffusion mechanism of atomic species, since a clear evidence of the change from fragile to strong liquid behaviors in aluminium silicate melts have been found [12] . Further, quite other situation has been found for Al atoms in that almost diffusion in 2nm models is always smaller than that in larger models, which might be related to the different local environments of atomic species like those discussed above (Fig. 3) . It is essential to notice that the error bar in determination of diffusion constant is small, i.e. it is smaller than the size of scattering symbols presented in Fig. 3 . And the size effects on diffusion constant observed here in NPBC Al 2 O 3 .2SiO 2 models are more pronounced compared with those observed in PBC Lennard-Jones liquids [6] . Like those discussed in [4] , we found clearly size dependence of glass transition temperature of NPBC Al 2 O 3 .2SiO 2 models in that it increases with increasing system size like those observed experimentally for organic nanoparticles (see Fig. 4 and [18] ). Glass transition temperature in present work has been found via the intersection of a linear high-and low-temperature extrapolation of the system potential energy like those was done for the bulk Al 2 O 3 -SiO 2 liquids [12] . However, glass transition temperature for NPBC Al 2 O 3 .2SiO 2 models is much higher than the value 2047 = g T K obtained for the Al 2 O 3 .2SiO 2 bulk [12] . It is essential to notice that the increase or decrease of the glass transition temperature with increasing the system size has been reported. The increment or decrement of glass transition temperature in NPBC systems with the system size might be related to the different boundary conditions of samples studied [10] . 
Conclusions
Several conclusions can be made as following:
We found a clear evidence of the finite size effects on both static and dynamic properties of non-periodic boundary condition supercooled liquids. Our results confirm the prediction of Horbach et al. that finite size effects can be found in nonperiodic boundary condition systems. Moreover, we found strong finite size effects on the glass transition temperature of the system studied in that it increases with increasing system size. ii)
We found that the finite size effects on dynamic properties of non-periodic boundary condition systems are more pronounced than those observed in periodic boundary condition ones. iii)
The results of this study are thus relevant to liquid and amorphous nanoparticles or to liquids in confined geometries which posses a similar type of the boundary. And unlike those observed in periodic boundary condition systems, we found strong finite size effects on static properties of non-periodic boundary condition systems due to the surface effects in addition to the same effects on dynamic ones. Therefore, it has to be taken into account future computer simulations or experiments of such systems.
